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RESUMEN 

INTRODUCTION 

Cycads are highly appreciated as ornamental plants due to their ease of culture, long life span, and distinctive 
appearance. They reproduce by means of pollen and seed cones that are always produced on separate plants 
(i.e. they are dioecious), and can be quite distinctive in some species. The seed cones in particular are one of the 
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most appreciated ornamental characteristics of cycads. They can be quite large in some species, as exemplified 
by Lepidozamia peroffskyana Regel (Fig. 1A), that has cones reaching 1 m in length and 40 kg in weight (Nor- 
stog & Nicholls 1997:235) and are considered the largest cones in the plant kingdom. In addition to attaining 
impressive dimensions in some species, seed cones can often be quite colorful, particularly in the African ge¬ 
nus Encephalartos as exemplified by the bright orange cones of E.ferox G. Bertol (Fig. IB). 

their foliage. Cycads have distinctive pinnately compound leaves which are held in a rigid crown. Although 
cycad leaves are relatively conservative in their morphology compared to some other plant groups (Norstog & 
Nicholls 1997:49), they can be quite variable in terms of texture, leaflet arrangement, and the color of new leaf 
flushes. This variation in foliage is best exemplified by the neotropical genus Zamia, which is considered to be 
the most morphologically diverse genus in the order Cycadales. 

Zamia, consisting of 75 accepted species (http://cycadlist.org), is the most species-rich cycad genus in the 
New World and has the broadest geographic distribution, ranging from Southern Georgia to Bolivia. Through¬ 
out its vast geographic range, the genus occupies a variety of diverse environments ranging from open, desert- 

environments has resulted in remarkable variation in leaf form within the genus. 

nje, typically hold only 1-3 leaves per crown. Leaflets in Zamia vary in texture from soft and paper-like as in Z. 
vazquezii D.W. Stev., Sabato & De Luca (Fig. 2A), to rigid and cardboard-like, as in Z. encephalartoides D.W. 
Stev. (Fig. 2B), a desert-dwelling species from Colombia. Some species, such as Z. hamannii A.S. Taylor, J.L. 
Haynes &  Holzman (Fig. 2C), have broad, deeply-veined leaflets. 

Leaflets vary in size from the diminutive leaflets of Z. pygmaea Sims, which may represent the smallest 
leaflets in the cycadales (Fig. 2D), to the large paddle-like leaflets of Z. imperialis A.S. Taylor, J.L. Haynes & 
Holzman which at up to 75 cm in length and 21 cm in width (Taylor et al. 2008) may be the largest leaflets 
found in living cycads (Fig. 2E). Leaflets also vary in arrangement from being widely spaced along the rachis, 
such as those of Z. imperialis, to closely spaced and overlapping, such as in Z. chigua Seem. (Fig. 2F). 

exhibits the greatest diversity in the color of new vegetative flushes. The color of these young developing leaves 

of different colors, including bright orange (Z. pyrophylla Calonje, D.W. Stev., &  A.Lindstr.; Fig. 3A), light green 
(Z. nesophila A.S. Taylor, J.L. Haynes &  Holzman; Fig. 3B), reddish brown (Z. lacandona Schutzman &  Vovides; 
Fig. 3C), white (Z. stevensonii A.S. Taylor & Holzman; Fig. 3D), reddish-orange (Z. hamannii; Fig. 3E), and 
reddish-brown (Z. purpurea Vovides, J.D. Rees &  Vazq. Torres; Fig. 3F). 

nomic character. For example, Z. hamannii is distinguished from closely related species by its reddish-orange 
to rosy-pink flushes (Fig 3E; Taylor et al. 2008), whereas Z. stevensonii (Fig. 3D) is distinguished from its puta¬ 
tive sister species Z. elegantissima Schutzman, Vovides & R.S. Adams by its white flushes compared to the 
bright yellow flushes of Z. elegantissima (Taylor &  Holzman 2012). 

Although flush color appears to be fixed in many species, it can also be variable in some species. For ex- 

Schutzman and Z. vazquezii (Broome 2002). As the exact provenance and pedigree of ornamentally cultivated 

source germplasm derived from separate populations with distinct flush colors, or if  this variation can be 
found within individual wild populations. 

Little has been published regarding the variability of flush color in wild populations of Zamia other than 
Schutzman’s (1984) report of separate populations ofZ. splendens Schutzman (currently considered synonym 
of Z. katzeriana (Regel) E. Rettig, sensu Nicolalde-Morejon et al. 2009) which produce either brilliant red or 
light green leaf flushes. However, the extent to which flush color may vary among and within populations of 
Zamia or even among the progeny of a single mother plant has not been previously examined. 



Calonje et al.. Vegetative flush colors in Zamia 

Fig. 1. A. Mature cone of Lepidozamiaperoffskyana held by Dr. Andrew Vovides. B. Seed cone of Encephalartosferox. 



534 Journal of the Botanical Research Institute of Texas 8(2) 



ililii  



536 Journal of the Botanical Research Institute of Texas 8(2) 

A 

Flush Color by Population 
Of the three Bahamian species, only Z. integrifolia exhibited variation in flush color, and only on the islands of 
Andros and New Providence (Figs. 6-7), where variation was found among populations, within populations, 
and within progeny of individual mother plants which were treated as separate accessions (Fig. 7). On Andros, 
observed Zamia populations were restricted to North Andros, and only the southernmost sampled populations 

yielded offspring with green flushes. Contingency table analysis showed significant variation among popula¬ 
tions (p < 0.0001) (Table 3 for detailed comparisons). 

DISCUSSION 

Flush color in Bahamian Zamia species appears to be genetically determined, as variation in flush color was 

plants cultivated under identical conditions in MBC’s ex-situ conservation collection. Plants with different 
flush colors from both islands were otherwise consistent in vegetative morphology. 

Cycads are diploid, meaning that they have two sets of homologous chromosomes which may carry two 
different forms of a particular gene (alleles) at the same location. We have observed only green and brown leaf 
flushes on Bahamian Zamia, indicating that there may be at least two different alleles in a single gene for flush 
color present in Bahamian Zamia populations. The variability observed suggests that the alleles for particular 
flush colors may be fixed in some species, populations, and half-sibling cohorts, but polymorphic in others. 
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i whole. Consequently, we believe that flush color 

Flush color is variable in some species and appears to be genetically determined. Future studies to deter¬ 
mine the heritability of this characteristic would be useful to inform selective breeding of cycads to emphasize 
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